Identification of Bacillus megaterium and Microbacterium liquefaciens genes involved in metal resistance and metal removal
Materials and methods

94
Bacteria source 95
The bacterial strains Bacillus megaterium MNSH1-9K-1 (GenBank accession number 96 KM654562.1) and Microbacterium liquefaciens MNSH2-PHGII-2 (GenBank accession number 97 KJ848325.1) used in this study stem from the El Nopal mine in the state of Guanajuato, Mexico 98 
Spent catalyst 100
The spent catalyst used for the studies of Ni and V removal was provided by the Mexican 101 Petroleum Institute (Mexico City). It was used in oil hydrotreating processes and contains a variety 102 of metals in different concentrations on an alumina matrix. 
Studies of Ni and V removal from spent catalyst by isolates 108
First, an inoculum was prepared as follows: each isolate was grown for 24 to 48 h in PHGII 109 liquid media at 150 rpm, 30°C, and the microbial density of each isolate was adjusted to 3x10 8 110 CFU/mL by microscopic enumeration with a cell-counting Neubauer camera. 2-mL inocula were 111 added to experimental sets, which were prepared in 125-mL Erlenmeyer flasks containing 20 mL of 112 PHGII medium plus spent catalyst at 16% (w/v) pulp density. Controls prepared in triplicate 113 Microbacterium liquefaciens MNSH2-PHGII-2 using specific primers, most of which were 144 designed in this study (Table 1 ). The reactions were performed according to the specifications of 145
Invitrogen
TM , using the annealing temperatures listed in Table 1 , in a Techne TC-3000 Thermal 146
Cycler (Barloworld Scientific, USA), and the product was purified with the QIAquick gel extraction 147 kit (QIAGEN N.V., Netherlands). The PCR reaction mixtures were analyzed by electrophoresis 148 through 1% agarose gels, against 1-Kbp or 100-bp molecular-weight markers (Thermo Scientific), 149 visualized with GelRed (Invitrogen) by transillumination and photographed. 150
Phylogenetic analysis of PCR amplicons 151
The PCR amplicons were then pyrosequenced at MACROGEN, Korea; the nucleotides were 152 queried against a taxonomic database of high quality sequences derived from NCBI using BLASTN 153 The phylogenetic trees were constructed using the neighbor_joining method, and 500 bootstrap 158 replications were assessed to support internal branches (Hillis and Bull 1993) . 159
Statistical analyses 160
The data were statistically analyzed using the Minitab 17 computer software with Tukey HSD 161 pairwise comparisons. The growth of B. megaterium and M. liquefaciens in PHGII medium containing Ni-V catalyst at 169 16% (w/v) pulp density over 7 days of incubation is shown in Figure 1 . In general, B. megaterium 170 and M. liquefaciens remain viable during this treatment. B. megaterium increases its population 171 density from 6.5 ± 0.5 Log CFU/mL to 8.8 ± 1.0 Log CFU/mL, indicating that the catalyst does not 172 affect the development of this microorganism. In the case of M. liquefaciens the population density 173 decreased from 6.1± 0.2 Log CFU/mL to 4.6 ± 0.3 Log CFU/mL (Fig. 1) ; however, the 174 microorganisms remained viable during exposure to the catalyst and reached a maximum level of 175 6.9 ± 0.4 Log CFU/mL on day 2 (data not shown). 176
Nickel -Vanadium Removal from Spent Catalyst 177
The ability of B. megaterium and M. liquefaciens to remove nickel and vanadium from spent 178 catalyst at 16% (w/v) pulp density in PHGII medium over 7 days is shown in Figure 2 (Fig. 3) family transporter from C. aquatic SB20 (KC432582) (Fig. 3) . The growth medium in these experiments is not conducive to the biosynthesis of acids; at any 261 event, no significant pH reduction (p>0.1) was seen over the course of the experiments, and acid 262 leaching of the metals should therefore be unimportant (Amiri et al.2011) . (Fig. 3) . This confirms the molecular-level resistance of both microorganisms to this 275 element. Gene nccA encodes a transmembrane protein that allows entry of nickel, cobalt, and 276 cadmium into the cell (Schmidt and Schlegel 1994 As expected, the hant amplicon was obtained in B. megaterium and was also found in M. 283 liquefaciens and identified by phylogenetic analysis (Fig. 3) . This gene encodes a high-affinity 284 resistance genes are frequently located on plasmids, the suggestion has been made that they may be 306 spread to divergent bacteria by horizontal transfer (Barkay et al. 1985) . 307
The detection of the metal resistance genes within the genomes of B. megaterium (nccA and 308 hant) and M. liquefaciens (hant and czcD) in the present work suggests that these genes are shared 309 in a bacterial community exposed to high metal concentrations, e.g. in mining soils, and they might 310 be some of the genetic determinants that enable bacteria to remove Ni and V from spent catalysts. 311
Though more genes were identified in M. liquefaciens, compared to B. megaterium, these may have 312 functions more related to metal resistance than to metal removal, so that B. megaterium still ends up 313 being the better metal remover of the two tested. Evolutionary relationships were estimated by UPGMA method with 500 bootstrap value to obtain 12 the consensus tree. Evolutionary distances were calculated using the Jukes-Cantor method. Bar, 0.2 13 substitutions per nucleotide position. 14 D r a f t 
